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CLAIMS 



[Claim(s)] 

[Claim 1] a silicon wafer — at least — temporary — an oxygen content ambient atmosphere — 
putting — that time — heat treatment — inequality: — [Equation 1] 

[Ofl<[«r(r)«p^^^^j <i) 

[ — the heat treatment approach of the silicon wafer characterize by to carry out at the 
temperature chose so that [an average COP radius and k express [ the edge solubility of the 
oxygen in silicon / in / Oi], and / in [Oi] eq(T) / temperature T / and sigmaSi02 ] a Boltzmann's 
constant in the surface energy of diacid-ized silicon, the volume of the oxygen atom with which 
omega deposited, and r] might be satisfied among a formula. [ the oxygen density in a silicon 
wafer ] 

[Claim 2] The approach according to claim 1 of using the silicon wafer which has oxygen density 
[Oi] <7-1017 at/cm3 as starting material for said approach. 

[Claim 3] The approach according to claim 1 or 2 of using the silicon wafer which has the 
average COP diameter of less than 160nm as starting material for said approach. 
[Claim 4] The approach given [ to claims 1-3 ] in any 1 term which heats a silicon wafer until 
temperature becomes within limits which satisfy inequality (1) with a predetermined heating rate, 
maintains temperature within the limits of this predetermined time succeedingly, and cools a 
silicon wafer with a predetermined cooling rate after that. 

[Claim 5] The approach according to claim 4 time amount while there is temperature within limits 
which satisfy inequality (1) is for [ for / 10 seconds / - ] 15 minutes. 

[Claim 6] The approach according to claim 4 or 5 of cooling a silicon wafer with the cooling rate 
of a 10K/second - 120K/second. 

[Claim 7] The approach given [ to claims 4-6 ] in any 1 term which puts the background side of a 
silicon wafer to a nitrogen content ambient atmosphere among a cooling process at least. 
[Claim 8] The method given [ to claims 1-7 ] in any 1 term of polishing, after heat-treating a 
silicon wafer. 

[Claim 9] The silicon wafer characterized by having less than [ 10000cm - ] three COP 
consistency by Fukashi who is equivalent to at least 50% of wafer thickness at the zone of 
nucleation core non-** which has the thickness of at least 1 micrometer, and a list at least into 
bulk at the consistency and wafer side front side based on nucleation for the precipitation of 
oxygen of 1 07cm-3. 

[Claim 10] The silicon wafer according to claim 9 which has the unsymmetrical profile of hole 
concentration. 

[Claim 11] Nitrogen is contained, nitrogen concentration meets the grade of perpendicular 
arbitration to a wafer side in that case, and it is the silicon wafer according to claim 9 which is 
not fixed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the silicon wafer which was manufactured by 
the heat treatment approach list of a silicon wafer by this approach and which is hole floe 
(COPs:Vakanzenagglomeraten) non-** substantially. 
[0002] 

[Description of the Prior Art] The silicon single crystal manufactured based on the floating zone 
method which generally does not use the CHOKURARU skiing crucible raising method or a 
crucible has a series of impurities and defects. A single crystal is used in order to be processed 
at many processing steps in order to separate into a wafer, for example, to acquire desired 
surface quality, and to manufacture an electronic device generally finally. If special treatment is 
not devised, the aforementioned defect exists also on the surface of a wafer, and this defect has 
a possibility of influencing disadvantageously for the function of the electronic device 
manufactured on it there. 

[0003] The important class of defect is the set of the hole to the so-called COPs (crystal 
originated particles) and the small hollow which has the dimension of 50-1 50nm typically. These 
defects are measurable using many approaches. Etching and the continuing scattered light 
measurement of the defect using SC1 solution (NH3/H202/H20) are one method of inspecting 
COPs on a wafer front face for 20 minutes at about 85 degrees C. These defects are detectable 
by about 30-micrometer silicon removal with etching and continuing counting of the defect using 
Secco etching during 30 minutes. When counting the defect which has the so-called vane 
(Fahne), these are called FPD (flowpattern defects). As a result, the FPD consistency per unit 
area is obtained and these can be converted into the consistency per unit volume in 
consideration of the ingredient removal in predetermined etching. The same defect can be 
measured also by IR-latest starting time (infrared tomograph: infra-red light scattering 
tomography) which Nd-YAG laser light is scattered by the defect in a silicon wafer, and detects 
the scattered light at the include angle of 90 degrees to a laser beam. These defects are called a 
LSTD defect based on the measuring method. 

[0004] In case a component is manufactured on a semiconductor wafer, many component 
parameters are influenced [ disadvantageous ] by COP. Therefore, it is required to remove these 
defects in the component barrier layer of a silicon wafer at least. According to the Prior art, in 
order to attain this purpose, three approaches exist. 

[0005] By maintaining the process window precisely specified on the occasion of crystal pulling, 
it is possible to manufacture the single crystal which is hole non-** about a single crystal, as a 
result is hole condensation (COPs) non-** again. However, based on an inner low pull-up rate, 
remarkable cost arises in the case of crystal pulling by range <0.5mm/. Furthermore, a narrow 
process window produces a low production rate, and this influences disadvantageously for the 
economical efficiency of this approach similarly. In this way, another fault of the manufactured 
silicon is not having getter ring capacity for lack of a hole. The relation between the getter ring 
capacity of a hole, the oxygen between grids, and a silicon wafer is indicated by G.Kissinger et 
al., Electrochem.Soc.Proc.98-1 (1998), and 1095 at the detail. 



[0006] The epitaxy depositiol 




he silicon layer additional on the froi 



e of the silicon wafer 



containing COPs can be alternatively carried out to manufacture of the single crystal of COP 
non-**. As compared with the single crystal with which the epitaxial layer was manufactured 
based on the conventional Czochrlski method based on the low growth rate in the case of 
deposition, it has the almost perfect crystal structure, and is usually COPs non-**. Deposition of 
an epitaxial layer is a process step which the costs which make [ remarkable ] a product 
expensive require. Furthermore, for many component processing processes, the silicon wafer 
whose front face to a depth of at least 10 micrometers is defective non-** is required. Thus, 
deposition of a thick epitaxial layer takes time amount remarkably, as a result is uneconomical. 
[0007] The 3rd selectivity is manufacturing from the conventional single crystal which is 
indicated by EP 829559A1, and putting the silicon wafer which polished to the bottom of an 
argon or a hydrogen ambient atmosphere at the temperature exceeding 1 200 degrees C for 1 to 
2 hours. It became clear that annealing of the COPs which exists in a wafer front face was 
carried out in this case by much experiments, as a result the layer of COP non-** near the front 
face generated by them. However, this annealing process requires time amount, and is cost 
quantity. 

[0008] In order to hold a wafer in an annealing process, the boat which consists of silicon 
carbide is required of the high temperature exceeding 1 200 degrees C. This is always 
accompanied by the risk of metal contamination. The process interior of a room distributes easily 
by the 1200-degree C process control under an argon or hydrogen, and the metal which is 
combined in silicon carbide and exists is done so, and reaches on a silicon wafer. 
[0009] The nucleation cores generated also in annealing also in epitaxy in the case of the crystal 
pulling for the precipitation of oxygen by the elevated temperature are made to decrease in 
number, so that a nucleation core is insufficiently offered in a next component processing 
process, therefore a getter ring core cannot grow by sufficient number. 

[0010] This problem is solved by RTA processing (short-time annealing: rapid thermal annealing) 
as indicated by WO 98/38675 or DE 19924649A1. In this case, a large majority of [ hot and ] 
holes are formed, and although these can be diffused to a front face only in the field near the 
front face in the case of continuing high-speed cooling, within the part (bulk: bulk) of the 
remainder of a silicon wafer, it is maintained as it is to it. Therefore, in the continuing component 
processing process, unusual precipitation of oxygen which offers a getter ring core for re-** can 
be performed. However, this additional RTA processing also raises the manufacturing cost of a 
silicon wafer. 

[001 1] The method of reducing the COP consistency of the front face of a silicon wafer 
according to a multistage story RTA process is indicated by the patent UP6,245,31 1. RTA 
processing won the batch method about consumption and throughput of time amount, different 
temperature — and the various steps carried out in a different ambient atmosphere are required 
in order to carry out reaction to split-face-ization on the front face of a wafer by use of a 
hydrogen content ambient atmosphere. 

[0012] The single crystal with which COPs has a special form to EP 1087042A1 and by which 
the nitrogen dope was carried out is indicated. Since this COPs is eliminated by about 0.5- 
micrometer Fukashi by the RTA step in the layer near the front face of the silicon wafer 
manufactured from the crystal based on big area/volume ratio, the COP consistency in a surface 
layer is made to fall by less than [ about 50% or it of the COP consistency in bulk ]. 
[0013] the conventional RTA in the temperature which exceeds 1200 degrees C within a 
reducing atmosphere, for example, a hydrogen content ambient atmosphere, to EP 92671 8A2 for 
disappearance of COPs near the front face — law is indicated. However, the silicon wafer 
manufactured from the single crystal which was able to be pulled up as starting material based 
on the Czochrlski method under special conditions is used. This single crystal can be pulled up 
the rate for at least 0.6mm/, and has the oxygen density of a maximum of 16 ppma (equivalent 
to 6.4-1017 at/cm3). COPs produced in the case of crystal pulling can be easily extinguished in 
a RTA step comparatively small therefore based on the selected process parameter. 
[0014] All the conventionally well-known heat treatment approaches for the purpose of COP 
removal are based on the out-diffusion of the oxygen from the surface layer of a silicon wafer. 



The oxygen atom of the oxid^^fi of COPs is in the oxygen atom betv^Jf grids and equilibrium 
which were introduced in the crystal lattice, and this oxygen atom between grids is in the 
surface natural oxide layer and the equilibrium of a silicon wafer again. If a wafer is put to a 
reducing atmosphere at an elevated temperature in COP annealing so that it may be usual, a 
surface oxide layer will be removed in reduction. Since the oxygen atom between grids diffuses 
the oxygen atom from the oxide film of COPs for an oxygen atom in a crystal lattice in the 
direction of surface from a crystal at coincidence based on the balance of a publication, the 
oxide film of COPs disappears. COPs from which the oxide film was removed becomes the hole 
in a crystal lattice and balance which are similarly diffused toward a wafer front face again. This 
extinguishes COPs as a result. 

[0015] Since the aforementioned diffusion process advances very slowly, in a suitable time zone, 
COPs is removable only from a surface layer. In case especially this manufactures the 
component which needs the layer of deep COP non-** especially on a front face on a silicon 
wafer when it is the component for which the so-called "deep TOREN (deep-trench)" technique 
is used, it is a fault. Conventionally, the maximum depth of a component is restricted to the 
thickness of the layer of COP non-**. 

[0016] Furthermore, by attaining the out-diffusion of oxygen only within a reducing atmosphere, 
as this ambient atmosphere was described above, a front face is split-face-ized, and the 
problem of contamination is produced. 
[0017] 

[Patent reference 1] EP829559A1 [Patent reference 2] W098/38675 [Patent reference 3] 
DE19924649A1 [Patent reference 4] UP6,245,311 [Patent reference 5] EP1087042A1 [Patent 
reference 6] EP926718A2 [Nonpatent literature 1] G. Kissinger et al., Electrochem. Soc. Proc. 
98-1 (1998), 1095 [0018] 

[Problem(s) to be Solved by the Invention] A basic technical problem [ this invention ] is offering 
the approach for especially avoiding said fault of a Prior art, and manufacturing the silicon wafer 
which is COPs non-** over a part for the principal part of wafer thickness only in the layer near 
the front face enforced economically. 
[0019] 

[Means for Solving the Problem] Said technical problem is carried out at temperature with the 
concentration of the oxygen which dissolved heat treatment between grids higher than the same 
temperature as the saturated concentration, and saturated concentration is solved by the heat 
treatment approach of the silicon wafer characterized by being the oxygen density produced 
when the oxygen which dissolved between grids exists by the oxide film and equilibrium of COPs 
in that case. 

[0020] It is inequality about the temperature which heat-treats according to this invention. : 

[0021] 

[Equation 2] 

[Oi] < [Oir{T)exJl 2a * 02a ) (1 ) 



rkT 



[0022] It is alike, and bases and chooses. In this case, [Oi] means the oxygen density in a silicon 
wafer, and the concentration of the oxygen which dissolved between the grids generally 
measured by FTIR spectral analysis when making reference correctly. [Oi] eq (T) is the edge 
solubility (Randloeslichkeit) of the oxygen in the silicon in the given temperature T. Such a 
function is indicated by Hull, R. (Ed.), "Properties of Crystalline Silicon", The Institution of 
Electrical Engineers, London, 1999, and p.489ff. sigmaSi02 is the surface energy of silicon oxide 
(Si02), and this is indicated by Huff, H.R., Fabry, L, Kishino, S (Eds), "Semiconductor Silicon 
2002", Band 2, The Electrochemical Society, Pennington, 2002, and p.547 by 310 erg/cm2. 
omega is the volume of the depositing oxygen atom calculated by the molar mass MSi02 of 
diacid-ized silicon, and consistency rhoSi02 list from the Avogadro's number NA by 2/(2rhoSi02 
NA) of relational-expression omega=MSiO. r expresses an average COP radius and, as for k, a 
Boltzmann's constant and T express temperature (K). 



[0023] It being deci sive for t^^^sult of the approach by this inventior^Bchoosing it as height 
which exceeds the concentration [Oi] of the oxygen atom in which the oxygen density (namely, 
right-hand side of inequality) which are a coat on the front face of COP and a balance dissolved 
temperature between grids. Since the concentration of the oxygen between grids is under the 
saturated concentration in connection with it, the oxide film of COPs can disappear by diffusion 
of the oxygen atom into a crystal lattice. The oxide film of COPs disappears by diffusion into the 
crystal lattice of an oxygen atom in all the locations with which are satisfied of said conditions 
about temperature. Since COPs starts contraction by diffusion of a hole or the silicon atom 
between grids after loss of an oxide film, dissipation of the COPs is carried out. 
[0024] The annealing process based on a Prior art is based on the out-diffusion of the oxygen in 
the front face of a silicon wafer to it. From a front face, out-diffusion of the oxygen which 
dissolved between grids is carried out. COPs covered with the thin oxide film which has the 
thickness of about 2nm loses those oxide films based on the principle of least constraint. 
Following on it, these are contracted further increasingly. It is because it, that is, a silicon wafer 
are open systems thermodynamically, so out-diffusion of the hole in COPs and equilibrium can 
be carried out on a front face. Out-diffusion of the oxygen cannot be carried out within the bulk 
of a wafer. COPs grows with an oxide in this field, and, instead, starts expansion following on it. 
[0025] Unlike the annealing process based on a Prior art, in the approach by this invention, 
COPs disappears also within bulk. It is because it, that is, the out-diffusion of oxygen are 
unnecessary based on the high temperature which produces the partial saturation 
(Untersaettigung) of oxygen chosen based on this invention. 

[0026] Therefore, this invention enables manufacture of the silicon wafer which is COP non-** 
only in the layer near the front face exceeding at least 50% for the principal part of the thickness 
of a wafer (i.e., wafer thickness). As for the vocabulary "COP non-**", the COP consistency 
should be understood to be less than [ 10000cm - ] three. Such a silicon wafer can be polished 
satisfactory after heat treatment, and, moreover, thereby, a part for the principal part of a layer 
of COP non-** which is produced in the wafer heat-treated based on the Prior art is not 
removed. Furthermore, especially the silicon wafer processed based on this invention is suitable 
also in order to manufacture the "deep" component for example, based on a "deep trench" 
technique. 

[0027] However, if a process parameter is chosen suitably, this invention can be used, also in 
order to decrease the COP consistency in the bulk of a silicon wafer so that a COP consistency 
higher than 10000cm-3 may be chiefly maintained after heat treatment. This ****s in the 
unsymmetrical point defect profile of the coincidence produced according to the process 
ambient atmosphere from which a wafer side front and a wafer side differ, and short process 
time amount can attain it. This option is applicable to the further fall of process time amount, 
and this raises the economical efficiency of this approach again. 

[0028] Since another important difference over a Prior art is not based on the out-diffusion of 
oxygen so that disappearance of COPs may be based on a Prior art, and it is based on the 
partial saturation of oxygen with the high temperature chosen based on this invention, according 
to this invention for a silicon wafer, it is not making oxygen insufficient near the front face. 
Therefore, the approach by this invention can be enforced under the ambient atmosphere of the 
arbitration which also contains oxygen temporarily at least. The approach based on a Prior art is 
restricted to the special ambient atmosphere of hydrogen or an argon to it. Therefore, it is 
possible to avoid split-face-ization on the front face of a wafer generated in hydrogen or an 
argon content ambient atmosphere by the approach by this invention. 

[0029] Furthermore, avoiding hydrogen means clear mitigation of risk potential. Furthermore, the 
risk of contamination by the metal can be made to mitigate by use of the ambient atmosphere 
which oxidizes easily as compared with a hydrogen ambient atmosphere. 

[0030] It is advantageous to use the silicon wafer which has a low oxygen density as starting 
material for heat treatment by this invention. It is because it is made to fall as it, that is, 
temperature required in order to satisfy inequality (1) in this case are shown in the following 
tables. It is the oxygen density of [Oi] <7.1 01 7 at/cm3 that it is especially advantageous. In the 
Czochrlski method, a process parameter like crucible rotation which changed can attain this. As 



the oxygen density in a silicci^^^stal falls, the minimum temperature ^|>Pie approach by this 
invention for heat treatment becomes still lower. The fall of process temperature also makes 
time amount required for equipment costs and heating, or cooling, as a result process cost fall. 
[0031] Time amount required for disappearance of the oxide film of COPs is that (refer to table) 
which is dependent on the thickness of an oxide film again, and it is advantageous to use the 
starting material with which the COPs has the thinnest possible oxide film within the limits of the 
approach by this invention. Advantageously, less than 4nm of thickness of an oxide film is less 
than 2nm especially advantageous. This is attained by the low oxygen density in the case of the 
crystal pulling in the temperature interval from 1200 degrees C to 600 degrees C, and the high- 
speed cooling rate. 

[0032] It depends on the magnitude of COPs for the time amount which is needed for 
disappearance of COPs which removed the oxide film remarkably (refer to table). Therefore, as 
starting material for heat treatment by this invention, in case it manufactures, it is advantageous 
to use the silicon wafer obtained from the single crystal controlled so that it pulled up and very 
small COPs produced a process by high concentration. In the silicon crystal which has the 
diameter of 300mm, less than 160nm of less than 150nm of average COP diameters should be 
less than 120nm especially advantageous advantageously, the silicon crystal which has the 
diameter of 200mm sake — <100nm — advantageous — < — 80nm of <60nm COP dimensions 
should be chosen especially advantageously. This is attained in the raising method by cooling a 
crystal in a 1200 degrees C - 900 degrees C temperature requirement as quickly as possible. For 
that, it must be especially set as the cooling rate for 5 - 1 5K/advantageously by 2 - 15K/by 1 - 
20K/in said temperature requirement. Such a pull-up process is connected with the 
comparatively high pull-up rate other than the small dimension of COPs to produce, and this has 
the advantage of shortening process time amount. Furthermore, this kind of pull-up process 
offers a high production rate in principle, and this raises economical efficiency further. 
[0033] In order to make an average COP dimension reduce further, it is advantageous in a pull- 
up process to add nitrogen. As for the oxygen density in the silicon wafer manufactured from a 
single crystal or it, it is advantageous that it is especially within the limits of 1-1013 - 7-1015 
at/cm3. The technological background is indicated by a publication US 6,228,1 64B1 and 
DE19941902A1. 

[0034] The operation effectiveness over the time amount t required for the following tables for 
disappearance of the temperature T and COPs required for the approach by this invention of 
oxygen density [Oi] and COP diameter 2r and thickness d of a COP oxide film is summarized. 
[0035] 
Table 1] 
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[0036] In order to shorten time amount required for disappearance of COPs further, it is 
advantageous to use the silicon wafer which has mol HORUJI (gestalt) in which COPs has big 



area/volume ratio as startin; 




erial for the approach by this i 



inventi 



** with these flat 



demands — long and slender COPs is satisfied. The method of manufacturing such starting 
material is indicated by EP 1087042A1. 

[0037] Within the limits of the approach by this invention, within the RTA reactor based on a 
Prior art, first, the silicon wafer which should be processed is heated at the rate of 
predetermined, until the temperature requirement given by inequality (1) is attained. Then, a 
silicon wafer is maintained in this temperature requirement predetermined time, and it cools at 
the rate of predetermined after that again. All processes are performed under the ambient 
atmosphere determined with the property of a request of the heat-treated silicon wafer. 
[0038] Advantageously, in order not to make it grow up while heating the oxide film of COPs, the 
highest possible heating rate, i.e., a heating rate higher than a 2K/second, a heating rate 
advantageously higher than a 10K/second, and a heating rate advantageously higher than a 
50K/second are chosen especially. 

[0039] The time amount which maintains the temperature of a silicon wafer within limits 
beforehand determined by inequality (1) is influenced by the starting material to be used. 
Annealing time amount can be shortened by using the starting material which has small COPs 
and a thin COP oxide film so that clearly from a table. Typical time amount is for [ 30 seconds - 
] 4 minutes especially advantageous for [ 30 seconds - ] 5 minutes advantageously for [ 10 
seconds - ] 15 minutes. 

[0040] The cooling rate which should be set up is decided by the property of a request of a final 
product, i.e., the silicon wafer after heat treatment. A slow cooling process is advantageous to 
manufacture the silicon wafer which does not have the getter property which does not show 
precipitation of oxygen in a consecutive component processing process. Hole concentration can 
be doubled with actual temperature in the case of slow cooling, namely, high hole concentration 
falls by the out-diffusion of a hole at high temperature in the case of cooling. Therefore, since 
the hole of low concentration exists after a cooling process, in consecutive heat treatment, 
unusual oxygen sludge / nucleation must have been performed within the limits of component 
manufacture. Therefore, it is carried out to whether precipitation of oxygen is performed or it is 
small. Thus, the processed silicon wafer has the property which is equal to the silicon wafer 
manufactured from the single crystal (perfect silicon: perfect silicon) of hole and COP non-** 
which was able to be pulled up slowly. 

[0041] Advantageous, a cooling rate is set up to manufacture the silicon wafer which, on the 
other hand, has a good internal getter property so that the RTA effectiveness may arise, as 
indicated by WO 98/38675. In the case of rapid cooling, the high hole concentration which exists 
at the high temperature governed previously is shut up (eingefroren). It is because out-diffusion 
of it, that is, the hole cannot be carried out into a cooling process. An oxygen sludge / 
nucleation with high hole concentration unusual in a consecutive thermal process, for example, 
component manufacture, are caused. Therefore, the nucleation core for precipitation of oxygen 
(it has the concentration of 107cm-3 at least) fully exists. The layer (denuded zone: denuded 
zone, DZ) of hole non-** which has the thickness of at least 1 micrometer is formed in a wafer 
front face at coincidence. Therefore, this layer does not contain the nucleation core for 
precipitation of oxygen, either, but this means that the concentration based on nucleation does 
not exceed the value of 107cm-3. the cooling rate which should be set up — in this case — a 
10K/second - 120K/second — advantageous — a 20K/second - 120K/second — it is within 
the limits of a 40K/second - 120K/second advantageously especially. 

[0042] Therefore, this invention relates to the silicon wafer which has less than [ 10000cm - ] 
three COP consistency by Fukashi who is equivalent to the zone list of nucleation core non-** 
which has the thickness of at least 1 micrometer by at least 50% of wafer thickness at least in 
bulk again at the consistency and wafer side front side based on nucleation for the precipitation 
of oxygen of 107cm-3. 

[0043] When forming the above hole profiles according to a high-speed cooling process, it is 
advantageous especially to transform a silicon wafer to the so-called profile in which nucleation 
annealing treatment is carried out and the nucleation core for precipitation of oxygen ****s a 
hole profile in this processing following on this process, in this case, a silicon wafer — the 



temperature of 450 degrees 




;00 degrees C 



— 1 minute - 5 hours 



puts advantageously 



especially for 10 minutes to 2 hours for 5 minutes to 2 hours. 

[0044] As an ambient atmosphere, the mixture which can be manufactured from rare gas 
(advantageously argon), hydrogen, nitrogen, the compounds that contain said element in an 
oxygen list, and these gas (an element or compound) is used within the limits of the approach by 
this invention depending on the property of a request of the purpose product. However, the 
mixture regarded as a component reacting mutually out of control at required high temperature, 
for example, the mixture which contains hydrogen and oxygen in coincidence, is removed. In 
order to carry out a wafer that it is much more hard to be polluted, the nonreducible ambient 
atmosphere should be used temporarily at least. A silicon wafer can be heat-treated also in a 
single ambient atmosphere also within the ambient atmosphere which changes among a process, 
the side front side and background side of a wafer — the same ambient atmosphere — or it can 
put to a different ambient atmosphere. It should be understood that a side front side is a field of 
the silicon wafer with which an electronic device is manufactured on it later. 
[0045] During heat treatment by this invention, it is advantageous to use the ambient 
atmosphere containing the mixture of hydrogen, an argon or an argon, and hydrogen. However, in 
order to mitigate the risk of contamination, the wafer should be temporarily put to the 
nonreducible ambient atmosphere at least again. In this case, a wafer front face has the same 
property as the conventional hydrogen or argon annealing back after heat treatment. However, 
unlike the wafer manufactured based on the former, the silicon wafer manufactured based on 
this advantageous embodiment does not have only the surface layer of thin COP non-**. 
According to this invention, the layer (namely, layer which has less than [ 10000cm - ] three 
COP consistency) of COP non-** spreads exceeding at least 50% of wafer thickness, this — for 
example, the operative condition by this this invention — it is based like, and polishing 
processing of the processed silicon wafer can be carried out satisfactory for smoothing of a 
front face, and, moreover, it has the advantage that risk of removing perfect COP non-**** by 
polishing does not arise, in that case. 

[0046] In another advantageous embodiment of this invention, while heat-treating a silicon wafer, 
it puts to the ambient atmosphere to which covering by the oxide layer of the front face of a 
silicon wafer is caused into the total time of heat treatment. It is an ambient atmosphere 
containing oxygen and an argon that it is especially advantageous. Thereby, the risk of metal 
contamination can be made to mitigate. If heat treatment by this invention is carried out under 
an oxygen content ambient atmosphere, COPs will be removed from the bulk of a silicon wafer. 
However, this is not applied in this case for a front face. It is because oxygen carries out 
diffusion invasion in this case, so that oxide film is not removed from COPs near the front face, 
therefore this COPs does not disappear. However, continuing polishing can remove a front face 
and, thereby, finally, the silicon wafer of COP non-** is attained again. 

[0047] Similarly, while heat-treating the side front side of a wafer, it is advantageous to the gas 
(initiate) (advantageously oxygen or oxygen, and rare gas, advantageous mixture of an argon) 
which introduces a silicon middle grid atom (interstitials) within the limits of this invention, 
temporarily to put a background side to the gas (advantageously nitrogen or nitrogen, and rare 
gas, advantageous mixture of an argon) which forms a hole to it at least. This processing 
produces an unsymmetrical precipitation-of-oxygen profile in a consecutive thermal process as 
indicated by an unsymmetrical hole profile, as a result DE 19925044A1. It means that an 
unsymmetrical hole profile does not have fixed hole concentration along with the grade of 
perpendicular arbitration to a wafer side, and it is unsymmetrical to the longitudinal plane of 
symmetry of the imagination in the core between wafer sides to coincidence. The same thing is 
applied also about "an unsymmetrical precipitation-of-oxygen profile." The silicon wafer by 
which the difference over the silicon wafer indicated by DE 19925044A1 was processed also in 
this case based on this invention is to have the layer of at least 50% of COP non-** of wafer 
thickness. Use of said gas as an ambient atmosphere for the side front side of a silicon wafer 
and a background side can be used also in order to manufacture the wafer which has the 
unsymmetrical profile of a COP consistency. In that case, the profile of the dimension of COP 
covering wafer thickness in which COPs near the side front side has a diameter smaller than 



COPs near the background s^^lrises. Process temperature is also fit^^^o that such a profile 
may arise, and if it is **** besides use of different process gas, there is. [ no ] In order to 
shorten all process time amount, this effectiveness is used and can carry out things, and this 
raises the economical efficiency of this approach again. 

[0048] another advantageous operative condition of this invention — the process gas with which 
it sets like and between cooling phases differ for a silicon wafer side front side and a background 
side — especially — advantageous — a side front side sake — an oxygen content ambient 
atmosphere — and a nitrogen content ambient atmosphere is used in respect of a background. 
The aforementioned unsymmetrical hole profile arises also in this advantageous embodiment. 
[0049] If it is used for processing of the silicon wafer manufactured from the single crystal which 
was explained to the detail above, and by which the nitrogen dope was carried out, during :heat 
treatment to which Field of application of the approach by this invention is expandable by that 
cause, it is not necessary to diffuse a hole any longer from a wafer front face, it can react with 
the nitrogen dissolved in the wafer, and can form nitrogen / hole complex (complex). This 
shortens time amount required in order to extinguish COPs. Furthermore, out-diffusion of the 
nitrogen is carried out near the front face. COPs has disappeared after cooling of a wafer and 
the hole combined on the surface of the wafer on the other hand does not exist. It is because 
out-diffusion of the nitrogen is carried out it, that is, there. Therefore, during heat treatment by 
this invention, nitrogen concentration is not perpendicularly fixed [ a nitrogen concentration 
profile arises, i.e. ] along with the grade of arbitration to a wafer side. Nitrogen / hole complex is 
also set in a consecutive thermal process. Moreover, for example, within the limits of component 
manufacture Since unusual precipitation of oxygen is caused, the wafer processed based on the 
aforementioned advantageous embodiment of the approach by this invention The layer of at 
least 50% of COP non-** of wafer thickness It has the zone of nucleation core non-** which 
has and has the thickness of at least 1 micrometer at least in the bulk of a silicon wafer 
additionally in the side front side of a wafer at the consistency list based on [ for the 
precipitation of oxygen of 1 07cm-3 ] nucleation. 

[0050] The approach by this invention for heat-treating a silicon wafer can perform :this heat 
treatment incorporable into the various locations of a series of production processes for 
example, after polishing. In case especially this carries out heat treatment for example, under an 
oxygen content ambient atmosphere under the ambient atmosphere split-face-ized it to be 
[ whether a wafer front face is split-face-ized or ] small, it is suitable. 

[0051] Another possibility is to carry out heat treatment by this invention first, and carry out 
polishing processing of the wafer after a washing step succeedingly depending on the case. 
Especially this embodiment is advantageous, when seeing heat treatment temporarily at least 
under the ambient atmosphere which raises the surface roughness of a silicon wafer, for 
example, hydrogen, and an argon ambient atmosphere and performing it partially using an oxygen 
content ambient atmosphere. Since the silicon wafer processed based on this invention has the 
layer of COP non-** by which the thickness is equivalent to at least 50% of wafer thickness, it 
can be polished also after heat treatment. Since polishing based on the Prior art for the purpose 
of COP removal of the silicon wafer heat-treated to it has the very thin thickness of the layer of 
COP non-**, it is a problem. Succeedingly, a nonreducible ambient atmosphere and also in case 
an oxygen content ambient atmosphere is generally used, this processing is the especially 
advantageous embodiment which can remove the defect near [ which may be produced from 
process control ] the front face. 

[0052] It is also possible to process :, for example, the wafer which polished, to which much 
possibility exists within the limits of the aforementioned advantageous embodiment which 
polishes after heat-treating a wafer again by finishing polishing (final polishing or mirror polishing) 
by this invention which heat-treats and continues. In addition, it is possible to process the 
etched wafer by finishing polishing by this invention which heat-treats and continues. However, it 
is advantageous especially to process a silicon wafer after heat treatment by this invention by 
double-sided polishing (in and the after that case finishing polishing). It is because it, that is, the 
perfect surface characteristic which this combined with COP non-**** based on this invention 
are attained. 



[0053] This invention can 




ed to the silicon wafer of a si 



ngle ci 




without being 



influenced by a crystal diameter or the wafer diameter. It is advantageous to apply to the wafer 
which has 1 5, 20, 30cm, or a diameter beyond it. Since the component manufactured on the 
silicon wafer which has a big diameter imposes a clearly high demand to the defective non-**** 
of silicon, it is [ this invention ] advantageous especially to apply to the silicon wafer which has a 
big diameter. 
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Mf&znz. c<Dtcsbt,at. BuiBiafiffiHrtJcfcc^T i 

~2 0 K/#. S»i2~ I 5 K/#, #tCW*J(C{* 
5-15 K/^^iPjagCCglSL.^WnKJa?,^^,, 

s©>hi*(,^Jt£©ffeK:. C©<fc5fc?LBf 
7a-£Xte. Jt«W*l>5l±lfia[S<!:teCfft<.>r*J»)v 
c©ci«^*a-fe^ B$|BI*ffiSlf £ £ (, ^ fUj5**T 
3„ S6CC. C©@©?l±tf7 - a-bX(JJSIiiafJCcm^ 

[0 0 3 3 ] ¥$COP^ffi*3 6Ktt/Jv3l*Sfc«>K: 

■5. m&ikbLKte^tifrbm&ZtitcU'Jzi^Vx- 
^F^©^JRjga«. 1 • 10' ! -7 • 10' s at/ 
cm 3 ©tfiHrttc*«©3&i«F«:5SifiJt?*S. TUIt^U S 

6 , 2 2 8 , 1 6 4 B 1 Rf>'D E 1 9 9 4 1 9 0 2 A 1 

[0034] J^T©*(C«. ^SiSS [Oi ] . COP 
ES2 rMCOPift«©JISd©, ^f^ccj; 

s^s©/ca?)^^)fe?aeTRo*c o p s <Dffim<Diab 

[0 03 5 ] 

[*1 ] 



(6) 



# 

10 
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[OiJ 


2r 


d 


T 


t 


[10 17 at/cm 3 ] 


(run] 


[run) 


[°C] 


i » ] 


6.5 


70 


2 


1300 


122 


6.5 


70 


4 


1300 


133 


6.5 


70 


2 


1350 


41 


6.5 


120 


2 


1350 


366 


5.0 


70 


2 


1220 


714 


6.0 


70 


2 


1220 


797 


7.0 


70 


2 


1220 


1090 


8. 0 


70 


2 


1220 




5.0 


70 


2 


1250 


369 


6.0 


70 


2 


1250 


390 


7,0 


70 


2 


1250 


432 


8-0 


70 


2 


1250 


552 


9.0 


70 


2 


1250 


oe 



[0036] COPs ©ffi«©fc»tCs2«Eftl5IHI* 4 6> 
/<:#«:. COP s*^*^®ffl/<*Stb«rWT-S*Jl'*: 

«. HitfEP 1 0 8 7 0 4 2 A 1 CCiei£3ftT<,>S. 

[0037] *»?i(c .fca^rtSofBHrtTtt. aan-r^ 

rtrsj-rBfjeoaRt?. < i ) ttc^x^ahti 

3>>>x-«*»Be©«Fiac©aflM6Hf«iK:fi!%, ^e© 
«i*awje©ai*T#arrs. iTo^o-fe^B, mm 

[003 8] W*KC t*. COPs ©SKk«f£JS« AtiR4> 

2 K/#«fc im^mmmg., ^miaz i o K/#<t k> m 

[0039] v"J3>^j -/>Oig4^S ( 1 ) tc 

3 ft s^ewe^nccfc^cc. 
ocops sot»c >c o PM{t»&*&*rr -5 

HSJWttlSratt. 1 0f*~ 1 5 #58. WWC«3 0#~ 
5#lffl, #CC#=WtCtt3 0#--4*WHir*S. 

[0040] Rje-r^sfcSWfit*. ttWA. bp%& 



£?L##&-f£©r\ &&©&8J3cc:fei>-c. 

ft -5 tc-T if C ©«fc 5 tc^il Ifci'ya^x-A 
(*. *StgC£3l±tfe>ftfc. ^?LRD>'COP^©#$S^ 
(A-7i?h'> l j3>: perfect silicon) *>£>i5Bi 

[004 1] ffeffi. &*?&flg|sy », jf-«tt*wr*s/ 

CC«. m«W0 9 8/3 8 6 7 5tcSa*S<*ftTl».SJ: 
^cc. RTAS»**s^i;*J:9K:tafl£-r-S. 3fta.&»*P 

30 fi«S!CC#>6ft& <einqefroren) . -eftiC>5© 

■s. se-p-r. +^-KKsR«fm©/c«)©^)iS^^ (4># 

<ifel0' cm-' ©ss^w-rs) IS] 
B#CC, -5*-^*ffiK^36c< it 1 tfm©»3 
?2?L^Fa©Jg (fyt—f-j K > : denuded zone. D 
Z) jW&SiSft*. fifo-C. C©JBfe*fcBMRSfffi©fe 

40 «K**1 0 7 cm" 3 ©ffl«r±lsI6«:t>Ci*Ki*-r 

-120 K/#. Wf'J«C« 2 0 K/#~~ 1 2 0 K/*K 
#{CW*J(C«4 0 K/**~ 1 2 0 K/#©8aBrt«:£> 

So 

[0042]fot 1 9VC<ptt< 
itlO 1 cm" 3 ©^^©/^©^^^©S 
m**} x-»m®miC'J>rj:< it l iim©J5i*£W 
T £ «57&£<f<M^© -y- <y * - ^ Jl 3 <D>PU 

< it 5 0%&Ctg^-r£&3$-Cl 0 00 0 cm" 3 * 
50 n$©COP2BK£W-f St'^^i-^tcM-T-So 




[004 3] mm<Dl%&7v*zi l cJ:*)m&<D<t:'>rj:2. 
1l?'0y < -)V&Bf&t C©7"a-fe*(t3l 

5 0*C-8 0 0 1 #~ 5 EJRH. WWCB 5 # 

- 2 i$n. wfutcB io^~2 msm-t. 

-r £<t£mRt>'cne>©#;*. (Ttmxmt&m *>6H 

ac*(.41fltt?«WqFtt«c«S«:R«?r S 4 lift S 
';3>-Jt-Att, m— ©SHMr-fc, $ ft: :7a -is** 

*?#h m 5 n -s ^ y 3 > •> x - * * 4 mm £ 

[0 04 5)*«W«cJ:*KijBfflifitctt, *JR. T)Vzf 
&ft:»&c. £x-^£4>&< 4fc— BtWfC^ajctt^H 

«cc8i-r^#-c*So c©t©^cB. ijx-^aiiB. 

-3#l!iji$nft:-> , ;3>'f x-^B. flaSKS-^SSHS 
Stlfctf * w \ 4 «5 Wt » C O P ^DffiM^ 
£*-r-5©-CM:fcl,». COP^©JI (BP^. 10 00 

ocm-' jmvcopmm&m-? zm) «. #2ewc 

cfctiB 1 ? * -^ilS ©4>St < 4 5 o %£jgS;LT 
*. C©CiB. «!*.«. C©*f6B8«cJ:5SeStl»«(C 
3 titc*>'J n > -5 x - /MglBUKE < Sl®©¥ 
^©fcefcic* y > £ C 4 #T? £ . G#> 4> -e 

©l^> # 'J >■> ^i^C O PT^4i*t4M 
#£0fct»4lO«jfr&«-r*. 40 
C 0 0 4 6 ) &&W<Di> 5 1 ^©#W&fQt*HUctol» 

-cb. ^y n>^;c-^£$i£iii[t>(c. M^a©^B#p^ 

ffigtSfi^TmiSt^i. i^y :^>•^/x-/^<D,'^• 
;^^7#>e>COP s#|££;*ft£. 0#>Ot ©*§£«£ B. 
C©C£BStffi©/c#K:B^-CB£6&C>. -en4^-5 

©*>. cvm&iazMmteWMiSiA? s©r . s®is< so 



^00 3-2 9 784 0 

12 

©cop sA>6-e©^fc^a§B^i3ti-r. ge-^-cs 
coPsB7S$£ft&t»#>*>-c*s„ ufro. ssbb> 
?l#Mur©^'j^> : ? f K:J:0^*-r?>c4*iT?^. 
J: 0 ft;C O P^©v 'J n > * 

[0 047 ] ^H^ogifflf^r-B. ?x.-^<D 

mMmz®Mm<pic'j>u < £ k-iwc. > y n >tp|gi 

t&-?-MT (intersti rials) ^A^S (initiate) # 

©s^a) 5c. -e-h«:*tor««iii*s?L*«iiS-r4^ 

©^?L^*a "7 ^ W>ttt. DE19925044 
A i«:lBttS*irt>SJ:5«:. Sfc&flWfcfltj^n-fe^ccfc 
^r^f*©©Jg*Tm7-p7^-;u*^G^„ #K*»© 
^?L^D7 -<-;u4B. ^LiSS^-Jx-^ffitcitur 
IlftfflWi'L'- Kfcifiot- Sr^c< |5j^(c>5x- 
"iE®n®4><frfciit* •S>^©*^ffitcjpt bT^Stfef 
*>^C4?rSi!*-r-5.. H«ac4l*. "#m«R©^««T 

ta^'a^^-^" (cgaurfc^-cBS.?.. DE1992 
5 0 44 a ncieissnft:>";3>^i--^{c>pt-r^M 

^B. C©1#^4>. *Pltcl-5MlShfci"j3> 
1 ix"AK-J I -;\Jf$(D^< 4£>5 0%©COP^P 
#©Jl ; lrW"r'5>C4Ci:*^„ 3>0*->'>©^ffliM 

C O PSSO^T'P 7 ^ 5 f x - ^5:1! 

jg-r*ft:«3(Cfcffiffl^SC4A5'C#-2., -e©|^(CB. * 

<iijffla< ©co p s #swsjfflia< ©c op s j; 0 i>>b$ 

BfP^^ffif •5>ft:*CCfiJfflTSC:4-C*. COCtBi 

[0048] *^©fe ^ 1 o©WW&HJS!!s<iK:*$0 

WCDtctblcmti: -5 7*a -fex 137. . #{CWf'J(cB*ffliJ®© 
ft:*CCB^I^^fflm*^-PSffliJffirB^^*^H 

[0049] iieJCl^Cgfi^Oft:^ K-7?nfci 

^a^e^sn/ci' y 3>9 1 -^^a©ft:»{cis 
mmt%.&Lxmm/mL$§& (complex) ^ss-rs 

C4#s-C*&. C©C4B. COPs4iiiSSt5/cft 

X-KJttStlCtZ. <•}*.— ^(DftitmtC, COPsB?Sig{ 
OTfcO. -*->x-^©^E{CB^Oft:^?LB#a 



13 
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i 5 0 %©C O P^CDH* Wl/3&>o#Jnfl<J(C ^ y a 
>^x-^©^;U^F«gK:ii>*< ifc 1 0 7 cm" 8 ©g 10 
fptWaj©ft&©&7?J»&*'k©Sgfte>*K^& < 1 t><5 x 

[0050] >>) a x-^^i^Ma-r &/<:«>©##& 
9Btc<fc*#i£W:. -«©£)£:/ a **©*!* ©{igKffl. 

V x - /%«iii*«iiB4bo«ci>3ft»XBffl*>K:ffliiffc-rsJc 

■5B5«:»i!i"ea4. 20 

[005 1 ] SiJcDpftfettl*. <rai9Bn(cJ:«IIMra« 
f-?7fctC> #>)UZs?jBMTZ>C. C©SU6 

fe5 OXKtBTiCOP^OimiO-C, 



S3 flits' y n>r> * -a©C O P8fc£©gW©7c«>© 

©#ja«, ^D-f2x$ij®j3j»64csc<b*s*saffija< 
[0052] •5*-^*HMaaa«:# i J^>yr*irc 

©WfiJfc#U&©81f©86Hrt CC . * fc£!&©BJfi&1±##£ 
*W8aL 5 I *«lr»T©tt±lf # y » y < 7 t -C 

or Btt±t/ * y y> -c^a-r ^»©*i#(cw*j-c* 

[0 05 3]»i, #S^ia@feL<tt^x-^itS 

ceases ft-rcc****©^ y 3 > •> x -ntcmrnim-c 

1 5. 2 0X1*3 0 c mXl***UJl±©B:S i 6:W 

-r^^x-^^jsffl-r^,©*^j-c*.5„ *sfcisg* 
w-rs>";='>^ J ;-^±{cKjisn€.^B. ~>y a 
>©*K§*$t$«:*t u r m *>&icm^**i&? £© 
■c. *^«A^^iSS**-r-s->y 3>-}x-^ctii 



7P> h^-i^©^# 

-■7- ■>» F7— iz 32 ^-y>->j|-7-fe 10 

(72)^^ ^^1/7'J-F 7*> T-=e> 

Vr>?»W> 111 
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